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The proposed mechanism for HIV-1 coreceptor selectiv-
ity (Sharon et al., 2003) has been greeted with great
interest. Nevertheless, several investigators have raised
concerns regarding the validity of the model (Hartley
et al., 2005; Lusso, 2003). Hartley and coworkers base
their challenge of our model on their view that the homol-
ogy between V3 and chemokines is too low to be of
biological significance. We are pleased to have the
opportunity to clarify certain aspects of our hypothesis
and to provide additional information not present in
our earlier publication (Sharon et al., 2003).
Obviously b-hairpins look alike. We noted clearly that
thousands of hairpins share structural homology with
the V3 b-hairpin (Sharon et al., 2003). The basis for our
search, the results of which are presented here, was
the coexistence of both structural homology and some
sequence homology between the V3 conformations
and the b2,b3-hairpin of CCR5 and CXCR4 chemokines.
Only when these two criteria were combined did the
number of hits (homologs) found in the searches drop,
such that the resemblance of the V3 conformations to
CCR5 and CXCR4 become significant (Sharon et al.,
2003).
To address the apparent controversy between
Hartley’s findings and ours, we repeated the search us-
ing the sequence motifs [I/L/V][H/Y/F]xxx[R/K] and
[I/L/V][H/Y/F]xxxxx[R/K] that were used by Hartley (mo-
tifs ii and iii). Motif i used by Hartley was not included
since it is a special case of motif ii. Motif ii and iii contain
any amino acid at the third position, instead of restric-
tion to [I/L/V] in our previous search (Sharon et al., 2003),
and potentially could result in considerably more hits.
The search was done using the 2005 SPASM library
which contains almost twice as many protein structures
as the one we used in 2001. We have discovered the
main factor accounting for the larger number of hits in
Hartley’s search. This large number resulted from a dif-
ferent search criterion designed by Hartley and co-
workers, which searched for the homologous sequence
motifs anywhere in the 14 residues of the b-hairpin.
However, when the search is done in the manner in
which we performed it, with the location of these se-
quence motifs restricted to the positions corresponding
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bridge, Cambridge, CB2 1EW, United Kingdom.to those where they appear in the V3 hairpin, the number
of homologous structures drops drastically from 377
hits to 92 (Hartley and coworkers initially obtained 321
hits). When we single out one PDB entry for each protein
(since sometimes several structures for one protein ap-
pear), the number of hits drops to 71. In considering our
results, Hartley and coworkers also overlooked the fact
that, in our final step, we restricted the search to human
proteins. Since HIV-1 is a human virus, we believe that
comparisons should be limited to human proteins in
addressing the possibility of mimicry. This restriction
further reduces the number of hits by more than 4-fold
to 16 different proteins, none of which is a chemokine.
However, when a Ca-Ca distance mismatch of 3.6 A˚
and an rmsd cutoff of 2.25 are used (lower even than
the 2.5 A˚ rmsd cutoff used by Sharon et al.), and the
search limited to the central 12-residue segment of
V3MN (as used by Sharon et al., 2003) in place of a 2.5 A˚
Ca-Ca distance mismatch, an rmsd cutoff of 2.5 A˚,
and the 14-residue segment used by Hartley, the final
number of hits rises to 21 from 16 (see Table S1 in the
Supplemental Data available with this article online).
Our strategy omits the two residues flanking the central
segment of V3 since their structure is not as well defined
as the central segment. Of these latter 21 hits, 8 are che-
mokines, 4 of which are the CCR5 chemokines MIP-1a,
MIP-1b, RANTES, and MCP-2 and another three share
a target receptor with CCR5 chemokines (Table S1).
Since the SPASM library lacks many chemokine struc-
tures, Hartley and coworkers constructed a library of
chemokine structures. On the basis of the pairing of
the residues, the side chain orientation, and the register
of the hydrogen-bond forming residues of the N-termi-
nal strand of the b2,b3-hairpin, one can divide the struc-
tures of the chemokines into two groups as shown in
Figure 1 (red versus purple). The first group (Figure 1,
red) includes all chemokines except SDF-1 (CXCL12)
and IP-10 (CXCL10). The second group (Figure 1, purple)
includes SDF-1 (CXCL12) and IP-10 (CXCL10). The che-
mokines in the first group resemble the V3MN peptide
bound to the 447-52D Fv in side chain orientation and
the register of hydrogen-bond forming residues of the
N-terminal strand. The structures of V3IIIB (Rosen et al.,
2005) and V3JR-FL (our unpublished data) peptides
bound to 447-52D Fv bear even greater similarity to
the first group of chemokines, since they share the
same side chain orientation and registry of hydrogen-
bond forming residues in both the N- and the C-terminal
strands (Figure 1, compare blue to red). The structure of
the chemokines in the second group (SDF-1 and
CXCL10) is homologous to that of V3IIIB bound to 0.5b
(Figure 1, compare purple to light blue). This antibody
is directed against the V3 region of a viral gp120 glyco-
protein that uses the CXCR4 receptor, which is the
only receptor for SDF-1. This homology is manifested
in the pairing of residues, the side chain orientation,
and the register of the hydrogen-bond forming positions
in both the N- and C-terminal strands.
One of the main points of Hartley and coworkers in
challenging our hypothesis is that the V3MN/447-52D
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650Figure 1. Analogy between the Dual b-Hair-
pin Conformations Formed by V3 and the
Chemokines b2,b3-Hairpin
Backbone superposition of b-hairpins in
V3IIIB bound to 447-52D (blue), V3IIIB bound
to 0.5b (light blue), and the b2,b3-hairpin in
all chemokines (red and purple) obtained by
superposition of the V3 triad 307IRI309 with
the corresponding triad in the chemokines.
Hydrogen bonds formed by the residues in
the triad are marked by dashed lines. Two
distinct structural groups are revealed: V3IIIB
bound to 0.5b with the chemokines CXCL10
and CXCL12, and V3IIIB bound to 447-52D
with all other chemokines.structure is no more similar to that of the b2,b3-hairpin
from chemokines that do not bind to CCR5 than it is to
the b2,b3-hairpin of chemokines in general. To test this
argument we apply the search on the chemokines’
library and find that 11 chemokines display one of the
conserved sequence motifs in positions corresponding
to their appearance in V3, and exhibit rmsd smaller
than 2.25 A˚ (Table S2). All these chemokines (10 out of
11) are either CCR5 chemokines (4) or they share a com-
mon receptor with one or more of the CCR5 chemokines
(6). Therefore, in view of the shared targets, it is not
surprising that these 10 chemokines exhibit common
three-dimensional structure of the b2,b3-hairpin and
common sequence motif within this b-hairpin. Only lym-
photactin (1 out of the 11 chemokines) does not share
a target coreceptor with the CCR5 chemokines. Interest-
ingly, lymphotactinexhibitsanequilibriumbetween two
b-hairpinconformationsdiffering in the pattern of hydro-
gen bonds (Kuloglu et al., 2002), making it a unique caseamong chemokines. Hartley and coworkers’ search for
structural homologs to V3IIIB bound to 0.5b, was exces-
sively broad because they searched for the sequence
motif [A/I/L/V][H/R/K][A/I/L/V] anywhere in the N-termi-
nal strand of the b-hairpin and found 51 proteins. How-
ever, when the scope of the search is properly narrowed
to proteins having the triad at the same location as in V3,
the number of hits is reduced to 12. Of these hits, only
SDF-1 and two others are human proteins (Table S3).
Of these three proteins, only SDF-1 has an rmsd less
than 1 A˚ from V3IIIB bound to 0.5b Fv. When we search
for chemokine homologs of V3IIIB bound to 0.5b in the
constructed library of all known chemokine structures,
only SDF-1 contains the [I/L/V/A][H/R/K][I/L/V/A] con-
served sequence motifs in positions corresponding to
their actual appearance in V3 and exhibits an rmsd
smaller than 2.5 A˚.
Neither the SPASM search performed by our group or
by Hartley’s takes side chain orientation into account.Figure 2. Comparison of Side Chain Orientation in V3 b-Hairpins and in the b2,b3-Hairpin of MIP-1a and SDF-1
The backbone of residues 307–309 and 317–319 of V3 were superimposed on the corresponding residues in the chemokines in four different
combinations. The orientations of the side chains of the triad I307-R308-I309 of V3IIIB bound to 447-52D and of the corresponding triads in
V3IIIB bound to 0.5b and in MIP-1a and SDF-1 are presented: (A) V3IIIB bound to 447-52D (blue) superimposed on the b2,b3-hairpin in MIP-1a
(red); (B) V3IIIB bound to 447-52D (blue) superimposed on the b2,b3-hairpin in SDF-1 (purple); (C) V3IIIB bound to 0.5b (light blue) superimposed
on SDF-1 (purple); and (D) V3IIIB bound to 0.5b (light blue) superimposed on MIP-1a (red). The side chains of I307-R308-I309 in V3IIIB and their
equivalent in MIP-1a (I40, F41, L42) and SDF-1 (A40, R41, L42) are shown. Note that the side chains of V3IIIB bound to 447-52D point (A) in
the same direction as those of MIP-1a and (B) in the opposite direction in comparison with the side chains of SDF-1. Similarly, the side chains
of V3IIIB bound to 0.5b point (C) in the same direction as those of SDF-1 and (D) are opposite in direction to those of MIP-1a.
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651When the side chain orientation is compared, the resem-
blance between (1) the CCR5 chemokines and V3IIIB
bound to 447-52D Fv (Figure 2A) and between (2) SDF-
1 and V3IIIB bound to 0.5b (Figure 2C) is striking, as is
the difference between (3) SDF-1 and V3IIIB bound to
447-52D (Figure 2B) and between (4) the CCR5 chemo-
kines and V3IIIB bound to 0.5b (Figure 2D).
As for other points in Hartley’s letter, (1) we agree that
one limitation of our earlier investigations was that the
first peptides we studied were X4 peptides. To overcome
this limitation, we recently determined the structure of
a peptide representing the consensus subtype B V3
sequence of R5 HIV-1 isolates (V3JRFL); this peptide was
examined in complex with 447-52D Fv. The R5 peptide
was found to have the same N-terminal strand conforma-
tion as the V3MN and V3IIIB peptides bound to 447-52D
and is similar to V3IIIB bound to 447-52D in both the pair-
ing of the residues and the register of the hydrogen-bond
forming residues in both the N- and C-terminal strands.
(2) We agree with Hartley and coworkers that a large
part of the N-terminal strand of the chemokine b2,b3-
hairpin is buried. However, both in SDF-1 and the
CCR5 chemokines, the triad preceding the reverse turn
contains an exposed residue. The change in side chain
orientation between SDF-1 and the CCR5 chemokines
results in exposure of R41 and K43 and occlusion of
L42 in SDF-1. This is reversed for the corresponding
residues in MIP-1a in which residues F41 and T43 are
buried whereas residue L42 is exposed (Figure S1). Nota-
bly, R41 and L42 of SDF-1 are among the residues that
exhibit the largest changes in chemical shift upon SDF-
1 binding to CXCR4 N-terminal peptides, indicating their
involvement in interactions with CXCR4 (Gozansky et al.,
2005). Six more residues in the b2,b3-hairpin of SDF-1
exhibited significant changes in chemical shift upon
binding the CXCR4 peptide, strongly indicating the in-
volvement of this b-hairpin in CXCR4 binding (Gozansky
et al., 2005).
Conclusions
Hartley and coworkers have performed a search that
included sequence motifs less restrictive than the ones
used in our earlier search; their search yielded consider-
ably more proteins that were said to resemble the alter-
native V3 structures. However, we believe that their
search was not correctly restricted because they
searched for the presence of the relevant sequence mo-
tifs anywhere in the b-hairpin, whereas our search was
confined to the sequence motif in the actual b-hairpin
positions in which they appear in V3. Clearly the posi-
tioning of these residues is critical for their function
and searching for them in their correct position is critical
in performing a search. Moreover, Hartley and co-
workers did not restrict their search to human proteins,
as we did, a step that is highly relevant since HIV-1 only
infects humans. Since the overall sequence identity
between the 447-52D epitope and the corresponding
region in MIP-1a is only 7%, one might not expect that
monoclonal antibodies such as 447-52D would bind
the CCR5 chemokines (Sharon et al., 2003). In summary,
our main assertion is that there is analogy between the
alternative conformations of V3 and the conformations
of the b2,b3-hairpin in the CCR5 chemokines and SDF-1,
and that, in both cases, a different surface topologythat potentially interacts with the chemokine receptors
is created by the combination of 180º rotation of the
side chains of the N-terminal strand and a one register
shift in hydrogen-bond forming residues. Certainly other
differences between SDF-1 and CCR5 chemokines also
contribute to their specificity, a point we already ac-
knowledged (Sharon et al., 2003).
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Supplemental Data including one figure, eight tables, and Supple-
mental Experimental Procedures are available at http://www.
structure.org/cgi/content/full/14/4/649/DC1/.
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